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Q(h)-—’O when h =>0), where ?i is the solution of the difference boundary

~ ~

value problem with disturbed coefficients I?, Bkil, D}il, f‘}il, and u(x) is the SRt

solution of problem (1). Its conservativeness is & necessary and ‘ ,
sufficient condition for the coefficient stability of the canonical schemei
Questions relating to the convergence and accuracy of the conservative -

difference schemes are studied in §5. It is denonstrated that the : . )
zero-rank conservative scheme conv?riesin the class of piecewise . \//
. 0 :

continuous coefficien{l:‘s (x, q, feQ ); any conservative ‘scheme of the
first rank has the first order of accuracy in the class of coefficients

Q(m) (m>1); any consei‘vafive scheme of the second rarfk whiéh satisfies
the -conditions of the second order of approximation has the second order

of accuracy in class 0(2), but in class Q m) (m>1) the first. These
theorems are proved by means of an a priori estimate l|z||1\< M \ol} 2! where

z is the error in the solution of the difference boundary value probiem,

and ¢ is the error in approximation of the scheme L}(:"’q'f in the solution
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of problem (1). By estimating the error of approximation 9 from the
norm HH2 it is possible to reduce the rank of the master functionals

and the order m of the classes C( ) or Q( m) of the coefficients of. ;
equation (1). [Abstracter's note: Complete translation.] f
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AUTHORS: ,,ﬁfEEfEEEZL_flffiJ and Arsenin; Vo Ya.
TITLE: On numerical solutions of gas—-dynamic equations

with various types of viscosity
PERIOCDICAL: Referativayy gzhurnal, Mekhanika, NnOo. 12, 1961,

17, abstract 12892 (Zh. vychisl. matem., 1

matem. £iz.y 19815 1, noo 2 357-360)
TEXT: Finite~difference gchemes of continuous calculation
(in which lines of discontinuity do not appear) are considered :
for the equations of gas»dynamics of a planey one-dimensional
jisentropic gas flow with various types of viscosity. Viscosity VX/

55 subject to the following conditions: The system of equations |
should have 2 continuous solution, jnfluence of viscosity should

ve vanishingly small within the shock layer,and, in the region O
rarefaction waves gyugonio Abstracter's note: Transliteratiog
conditions should be :fulfilled on the boundary of the layer

RHUGONIOT
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representing a dispersed shock-wave. A rectangular space-time
net is chosen to formulate difference equations. A difference
scheme of "cross" type is utilized., The problem of the motion
ot a standing shock-wave is solved, and the solution of differ- 'J{
ence equations is written interms of moving waves. Problems on
a standing shock-wave, its dispersion, etc., were calculated
according to a "cross" scheme, with linear viscosity and Neumann
viscosity, For linear viscosity, it was found possible to per-
form calculations with the time jump 3 = 4 times larger than for
the Neumann viscosity. On the other hand, Neumann viscosity
guarantees a smaller effective width of the shock layer. Com-
parison of numerical solutions with exact ones gave fair results
for the linear viscosity case., [/ Abstracter®’s note: Complete
translation._/
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SAMARSKIY, A.A. (Moskva)

Uniform difference systey; of a gighlo§2?
mes, Imr. vych. mat. i mat. fiz.

‘TIKHONOV, A.N. (Moskva);

r of accuracy on nonuniform

: ~Je '61.
3250 Wy e(HIRA 14:8)

(Difference equations)
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: - - § N ¥
TITLE: A priori estimates for the golution of the ai fference analog f |
, : H

of a di\..fferential equation of parabolic type : .

PERIODICAL: Referativnyy zhurnel. Matematika, no. 6 1962, 29; abstract L
: 6v142 (Zh. vychisl. matem. i matem. £iz., V. 1y 1O 3, 1961, T - i

441-460) lﬁ
. ¥

7EXT:  In an investigation into the convergence of difference gchemes in v L
the class of smooth coefficients, asymptotic orders of approximation and of i
accuracy usually coincide, which is generally‘not the tase with discontinucus AETTPUN
coefficients. In this last casé, in a study of convergence the application
of the maximum principle is excluded and the question of estimates of a [
different nature arises. An & priori gstimate 1n a published work

(RZhMat, 1960, 10932) is obtained on the agsumption of "differentiabi}ity"
with regard to x of the difference analog of the coefficient of heat .
conducti’vity. Examining the difference boundary value problem with A
boundary conditions of & more general type the author derives an analogous =~ .
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a priori estimate which is free from this limitation. The a priori : :
estimates obtained from the author's integral formula assume that only the . /Q
grid functions - the coefficients of the equation - are bounded. New LD

a2 priori estimates are an effective means of proving the convergence and ofr -
estimating the accuracy of the difference schemes in the class of )
discontinuous coefficients., [Abstracter's note: Complete translation.]-

Card 2/2

APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001446920010-4"



"APPROVED FOR RELEASE: 08
_ "APPROVE 'ﬂw_‘ﬂgooo | CIA-RDP86-00513R001446920010-4

30735 7
s/208/61/001/005/003/oo7
[6.290) 166599 AO60/AL26
AUTHORS 3 Tikhonov, A. N., Samarskiv. A, A. (Moscow)
TITLE: The Sturm-Liouville finite differeilce problem

PERIODICAL: Zhurnal vychislitel’noy matematiki 1 matematicheskoy f1ziki;, v. L,
no. 5, 1961, 784 - 805

TEXT: This is a continuation of the work on homogeneous difference schemes
reported by the authors in the same Journal (v. 1, no. 1, 1961, 5 - 63). The
solukion of the Sturm-Liouville problem for the equatilon

L(k’O‘)u +Nr(x)u =0, 0 £X <1, L‘_k’q% = g—-x[k(x)%] - g{x)u(x) {1)

py the method of finite differences has been treated by & pumber of authors. They
treated problems of precision and convergence in the class of smooth goefficients
for difference schemes of the partial type. Subject work treats difference schemss
studied in the above contribution, for the sczl‘)rbion of the Sturm-Liocuville problem
in the class of dircontinious coefficients Q m), The formulation of the problem,

the characteristics of the original family of difference schemes, and %the proof of
Card 1/2
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the convergence of the finite difference method are presented., With the aid of aa
a-priori estimate the order of precision for Q(m,l) for the solution of the filaits
difference problem at h —» 0 is established, It is.proved that the differsnsa

scheme '
Iy o Garg)y - oy + Apy, [
whare 0 0.5 0.5
fk(x-&sh)] s d = Of a(x+sh)as, © = J( r(x+sh)ds,
-1 0,5 - -+ - 0,5 © - -

o

ensurss precision of the second order for the class of disconbimious cosffias
In the continuations to follow the authors promise to treah homogsneous finit
ference schemes ylelding arbitrary orders of precision in the class of plecs -
plece continuous coefficients of equation (1), as well as the problem of przciaion
on non~uniform gride, There are § references: 2 Soviat-bloc and 3 non=-Sovizt~
blcc,

SUBMITTED: May 1%, 1961
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AUTHORS:: Samarskly, A. A., Pryazinov, I. V. (Mosqow)
TITLE: On the convergence of homogenéoué differenée schemes for the heat-

conduction equation with discontinuous coefficients

PERIODICAL: Zhurnal vychislitel'noy matematiki i matematicheskoy fiziki, v. 1,
o no. 5, 1961, 806 - 824

TEXT: Considerable literature is d_evoted to difference methods for solving /
equations of the parabolic type. A great number of the contributions refers to '
equations with constant coefficients. The stability and convergence of schemes i
with continuous, sufficiently smooth coefficients have been studied before by

others, The case of discontinuous coefficients leads to considerable difficulties
since, as a rule, in the neighbourhood of a discontimuity the difference scheme

does not approximate a differential operator, These difficulties may be overcome

for the heat conduction equation only with the aid of special a-priorl estimates.

in earlier contributions (1959, 1960, 1961) Samarskiy introduced the notion of
homogeneous difference schemes having one and the same compu ational algorithm at

all the points of the difference grid for all the coefficients of the differential
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equation for some class of functions. In the present work he. considers homoge-
neous schemes of the skew type for the solution of linear equations of the para-
bolie type with discontinuous coefficients without an expliclt distinguishing of
the lines of discontimity, i.e. without any modification of the scheme in the
neighbourhood of the 1ine of discontinuity for the coefficients, Hence, most at- ‘)(
tention is paid to the problem of convergence of skew schemes in the class of dis-
continuous coefficients, For a quasilinear equation this problem was studied
earllier by Samarskly. He proved the convergence of a ‘scheme for the case of mov-
able ("skew") discontinuities of the heat-conductivity coefficient assuming that
hz/'l' —0as h-—»0and T 0. In the present work this requirement is waived for
the linear heat-conductivity equation, The authors introduce the original family
of homogeneous difference schemes fﬂz. and formulate the mixed finite-difference
prcblem, With the aid of a-priori estimates and the principle of maximum, the
stapllity of the schemes as a function of the initial conditions and of the right-
nand member is then studied. The case of the symmetric six-point scheme

* % % |05
(* * * 0.5) (2= 0.5).
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is- of special interest, For it the stability in the mean value under the initial
conditions
and the stability as & function of the right-hand member YV

lizily M Vi,

is proved. These estimates hold for the case when the lines of discontimuity of

the coefficients are the straight lines X = const, and the coefficient of heat con-
ductivity k(x,t) and the thermal capacity c(x,t) satlsfy the Lipshits condition

with respect to t. For thg case %ﬁ a skew discontinuity an a-priorl estimate ac- J(
cording to the norm of (z= » 1) 1/ , where n = 1, 2, 3, «eo The authors conclude

by giving the convergence proof for schemes of the family under consideration in
the class of discontinuous coefficients, as well as the estimates for the rate of
convergence (order of precision) with respect to h and T, It is proved that the

g 0.5
421, olyte)] - Fli(s)] = RE()] = {uslas )
: -0.5

o

scheme f {1? withomaster functionals

AT¥()] = [.§1
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has greater precision than other schemes of the family under consideration. There

are 16 references; 11 Soviet-bloc and 5 non-Soviet-bloc. The references to the u{
4 most recent English-language publications read as follows: ‘M, Lees, Approximate
solutions of parabolic equations. J, Soc, Industr, Appl. Math., 1959, 7, no. 2,

167 - 183; M, Lees. Apriori estimates for the solutions of difference approxima-
tions to parabolic partial differential equations, Duke Math, J., 1960, 27, no,. 3,

297 - 311; M. Lees, Energy inequalities for the solution of differential equations,
Trans, Amer, Math. Soc,, 1960, 94, 58 - 73; H. Keller. The numerical solution of
parabolic partial differential equations. Math. methods digital computers, N, Y, -
London, 1960, 135 - 143,

SUBMITTED: May 14, 1961
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[6.399°
AUTHOR: .Samarskiy, A. A. (Moscow)
TITLE: Apriori estimations for difference equations
PERIODICAL: Zhurnal vyohislitel'noy matematiki 1 matematichesoy fiziki,

1961, 972-1000

v. 1, no. 6,

atidns which correspond,to

ers difference equ
¢ and hyperbplic)types:

TEXT: The author consid
f the following (paraboli

differential equations o
2 3 [i] ou
L = —a;[k(x,t,u)%]——/(z,t,u, B =0 A1)
i a a
.‘ﬂ,uz%{k(x,t)%%]—c(x,t)—m;—/ I,t,ll, 7,%"‘%)=01 (2)

a? a* u ou - 9w Ou\ _
$3u=’éj[k(xvt)‘gﬁ']'{‘c(xtt)—a"f+/(zot-uv'5;v—a';a'v '3?)"‘0 (3)
t;u)”anawi(§7¥)”hré’éébﬁmea'EE'SE“&IEE&hﬁiHKS&E

the error z =y -u, where y jg the solution

The coefficients k(x,
tion, is estimated a priori. This x

functions. For geveral cases,
of the corresponding difference equa
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paper is a continuation of two earlier papers (A. N. Tikhonov,

A. A. Samarskiy. Odnorodnyye raznostnyye skhemy. Zh. vychesl. matem. i
matem. fiz., 1961, 1, No. 1, 4-63., A. A. Samarskiy. Apriornyye otsenki
dlya resheniya raznostnogo analoga differentsial'nogo uravneniya
parabolicheskogo tipa. Zh. vychisl. matem. i matem. fiz., 1961, 1, No. 3,
441-460.). A. N. Tikhonov is thanked for revision of the results of this
paper. Bunyakovskiy is mentioned. There are 13 references: 9 Soviet
and 4 non-Soviet. The three referendes to English-language publications
read as follows: M. Lees. Approximate solutions of parabolic equations.
J. Soc. Industr. and Appl. Math., 1959, 7, No. 2, 167-183; M. Lees,
Apriori estimates for the solutions of difference approximations to
parabolic equations. Duke Math. J., 1960, 27, 297-311; M. Lees, Energy
inequalities for the solutions of differential equations. Trans. Amer.

Math. Soc., 1960, 94, 58-73.

SUBMITTED: June 24, 1961
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NIKIFOROV, A.F.; UVAROV, V.B.; LEVITAN, Yu.L.; SAMARSKIY A,, prof,,
otv. red,; ORLOVA, I.A., red.; POPOVA, N.S., tekhn, red,

[Tables of Racah coefficients] Tablitsy koeffitsientov Raka.
Moskva, Vychislitel'nly tsentr AN SSSR, 1962, 319 p.
(Quantum theorys '

(MIRA 15:5)
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/4. 3500 |
AUTHOR: Samarskiy; A.Ao (Moscow)
TITLE: Homogeneous difference schemes for non-linear

parabolic equations

PERIODICAL: Zhurnal vychislitel'noy matematiki 1 matematicheskoy
fiZiki, Vo 29 noo. 1, 19629 25 - 56

TEXT: Homogeneous difference schemes are considered for the non-
linear parabolic equation

Pu-Z (klx, t) g2 + £0x b0 Wy 8u &) - o (1)

with discontinuous "heat~conductivity coefficient" k(x, t). The V*/
main emphasis 1is placed on ascertaining the order of accuracy of

the six-point scheme 3,;1 for the third boundary value problem in

the bounded domain D. Various homogeneous difference schemes are
simultaneously considered; these are given by means of functionals
which ensure the gsecond-order of approximation of the scheme. Dif-
Card 1/12
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ference boundary-conditions of the 3rd kind are formulated which
have -— in the class of solutions of the equation $u = 0 -- the
same order of approximation as the scheme. The accuracy esiimate of
the obtained difference problem reduces to estimating the solution
2 of a linear difference equation with linear difference boundary-
conditions and zero initial conditions. So-called "fixed disconti-
nuities" of the coefficient k(x, t) are considered, i.e. disconti=
nuities on a finite number of straight lines X = T, = const., para-
1lel to the t-axis in the (x, t)-plane. [t is shown that the third
boundary-value problem has the same order of accuracy as the first
boundary-value problem . The main result is formulated as a theorem
on the uniform convergence of the solution of the difference prob-
lem. The method used is similar to that cited by M. Lees (Ref. 10:
Approximate solutions of parabolic equations. J. Soc. Industr. and
Appl. Math., 1959, 7, no. 2, 167 - 183). The resulis of Ref. 10
(Op.cit.) follow from Theorem 3 of the present article. The apriori
estimates used in Ref. 10 (Op.cit.) are however unsuitable for a
convergence proof with discontinuous coefficients. Par. 1. Homoge=
neous difference schemes for nonlinear parabolic equations: The

Card 2/12
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problem is formulated as follows: To find a continuous solution
u(x, t) of Eq. (1) in the rectangular domain D (0 < x <1, O <t x
.. T), which satisfies the boundary conditions

8 o (t)u = uy(8), x =0 (2)
K 88, g (t)u = u,(t), x =1 (3)
9x 2 2 ! - _
and the initial condition -
u(x, 0) = uy(x). (4) v4/

The coefficients k(x, ) has discontinuities of the first kind on -
the curves I, (v =1, 2y «e0y Vg). For convenience, Bq. (1) is re-
placed by equation ' '

Pu= 2 G ©) We x5 w2k G F) =0, (1)

which is considered in the following. The problem defined by Eq.
(1') and related conditions, is called Problem I. The difference

Card 3/12
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equations corresponding to differential equation (1) is obtained by
means of the integro-differential ‘method. Let ;.O,(xi = ih, tj = jt,

i= O) 1, veey N, J = O, 1, teey IJ, h = 1/N’ T = T/I}) denote the

mesh, y -- the mesh function. The gixpoint homogeneous difference
equation , - o a oy
TP y=(0y) D + a9 (e, 1Y, A Y+ ayzYp) + - (25) (259 -

‘ <~ + (U —a) (s, £y, a0y +09z¥5) =0
is considered, corresponding to Eq. (1'); « (0 =a <1) is a nume-
rical parameter. The mesh func®ions a and ¢ are computed by means
of the standara functionals

V4

AMlu(s)] (-1 <8< 0) and Mlp(s)] (-0.5 < s < 0.5), (26)

= Pl£(x + sh, % ¥ am)yx + ayz y3)l-
Card 4/12
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The functionals AP and ™ satisfy certain conditions (denoted by )

As the original difference system one takes Eq. (25) satisfying con-
ditions (®). It is shown that the error z = y — u (where y is the
solution of the difference equation and u - of the differential
equation) satisfies a linear difference equation. Thereby the mesh
function V¥ is obtained, -representing the approximation error. Par.

2, The difference boundary-value problem: The magnitude of the er-

ror z in solving the first difference boundary-value problem de-

pends on the approximation error Y only. The boundary conditions

of the %rd kind cannot be exactly satisfied on the difference sche-
ne. Therefore the function z will also depend on the error intro-
duced in approximating the boundary conditions by the difference V4/
conditions. The 3rd boundary~value problem for Eq. (1) is f .

Pu = (') +f (@, t, u, 2K, ) =0 (5) .
, Wy — k' — u=t (), ==0 (6) .
0y k=l T (1)
where u' = 0u/3x, a'= ﬁu/at)} The difference boundary-conditions
@ard 5/12
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N

are . _ (@ o — o) + 0.5k (0] (0, £, ¥, 2Kyer ) + ’ ®
v.v' vV ) a "
+('1——(1)/(0, LY, 2"‘.‘/:: y‘—)l =u(l ) (t) /m 3'—":0v (8)
where ¥ = t - ©. Formulas are derived for the approximation errors
V4 and '02, of the boundary conditions. The following difference-

‘boundary-value problem is formulated, (corresponding to problem
(1)): Find the function y = y(x, t), defined on the mesh LY and sa-
tisfying the difference equation |/'/

Py — (g™ + a (e .y, ¢y Favz v + (26)
— +0—oelh i ikt =0 a9,
the boundary conditions

11(11 )Y = uga)(t),

11(12)3( = uéa)(t), X

Card 6/12
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and the initial condition:
y(x, 0) = u (x); (27)

this problem is called Problem (II). In order to estimate the con-
vergence and accuracy of the solution y(x, t) of Problem (II) with
respect to the solution ™ = u(x, t) of Problem (I), it is necessa-
ry to estimate the mesh runction z = y — u in terms of the ap roxi-
ration errors , 4 and . From the foregoing follows that z(X, t)

is the solution to the following difference boundary-value problem:
/ (az;&“’—{-Q(z)—pz‘—:— ¥, (30)
L= (“m)zx - dlz)(u) + hq, (2) — &1z =V z=0, (31 )

Iz = (az; + 622)® — hgs (2) + &azg = — Vo r=1, (32)
2z, 0 =0, | (33)
where Q, g4 and g, are given by formulas

—

Q(z) =0y 2, + byoZy + bopZp + byy2g + dqz + 4oz (34)

Card 7/12
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q1(z) = (Euz + L1oE + AuBe + Mie2s) |e=o, \ (35 )
O o o £ Al

0<m<7p<M, . 0<m<a<M. b <M,  ldsl S M,
g, >mh>0, 6=>0 6+ oa>m>0 - el <M, (36)

lllk|<l‘l (s, k=1,2).

Problem,(BO)—(36) is called Problem (III). Further, numerical me— L/f/
thods of solution to Problem (II.) are set forth. Par. 3, On the
accuracy of continued-calculation schemes: Tstimates are obtained

of the solution to Problems (II) and (III). These estimates are de-
rived in the form of theorems and lemmas. Theorem 13 If the condi-
tions ‘ . '

o M, /o;/ M, o, M, /(os)%/ M, s=1,2, 05 «a 1 (1, 2
are satisfied, then (with gufficiently small T ro) the solution

to problem (III) is expressed by . __

=t . .
S b [ 3 <l OE] + Tz O+l OMS (3)

V==

Card 8/12
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<M {ﬂz(a:, O)L—’—i— J2z (2, OVl + [‘2‘:t TT\Y (= F')—]'/.} ' (3)

where M and fl are pbsitivercohsféhfét On the basis of 2 additional
conditions
o : (9)

i ‘l’=6“), V1=;‘(l“)1 Vg = V3,
and~--- M, HM, &M (10)

2adopted from the referenceé), one 6bt£iﬁs-Theorem 2: If conditions -
{1), (2), (9) and (10) are satisfied, one obtains for the solution
of Problem (III) the apriori estimate

Tz O <M B Ob+ @ O + L) A
r=t o r=t (12)

L3 <0 b1 O} TZ s 0f]

- 0. The solution of Problem
(III) can be expressed as the sum-of 2 particular solutions z = 24

‘;’-’

yvhere M = 0 for b11 = b12 = b = b2‘l

+ zp, where z4 denotes the solution of the problem with homogeneous
Card 9/12
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boundary-conditions (v1 = 0, v2'5 0), and Z, = the solution with a

homogeneous equation (¥ = 0). Lemma 4: For the error in the solu-
tion to Problem (II), due to the error in approximating the bounda-
ry conditions, one obtains the estimate

//25(x, £)//o < M(b® + T %), 1f 0.5<ax 1. (18)

In the case of continuous coefficients k and f, one 6btains ,/(

m
¥ = 0(h?) + 0(t %) at all the points of 2. (20)

Theorem 3: The solution to Problem (II) converges uniformly to the
solution u(x, t) of Problem (I), when h and t tend to zero indepen-
dently, so that for T < Ty the inequality '

m
/1y = u//y < M(h% + T %) for 0.5 =« =<1 (21)

holds if condition (20) is satisfied. Further, the approximation
error in the neighborhood of the line of discontinuity is estimatel

Gard 10/12
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With coefficients k and f which are discontinuous, one obtains Theo-
rem 4: If Kk and f have discontinuities of the 18t kind on.a finite
number of straight lines * = Ty = const., and the (above-) indica-
ted conditions are satisfied, then the solution y(x, t) of problem
(II) converges uniformly to the colution u(x, t) of problem (1)
when h and 7 tend independently to. 2ero, SO that for any mesh sys-

tem P %T of the original difference equi LGNS, the estimate
1 m
/Y - u//osl\'[(hlz s 1 %) for 0,5<as (50)

holds; (with sufficiently small T <‘.'co)a The author eXpresses his b/r
thanks to A.No Tikhonov. There are 19 references: 14 Soviet-bloc

and 5 non-Soviet-ploce The 4 most recent references to the English-
language publications read 28 follows: de Douglas, On the numerical
integration of quasi—linear parabolic differential equations. Pacif.
J.Math., 1956 6, no.l, 35-423 do Douglas, The application of sta-
pility in the numerical golution of quasilinear parabolic differen-
tial equationse Trans. Amer. Math. Soc., 1958, 890, no.2, 484-5183

. Rose, On tne integration of non-linear parabolic equations by

card 11/12
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h., 1956, 14, no.3,

5 ici i nce methods, Quart. Appl. Mat‘ LA i e Jo
sotiett gueterence methols, GUOTLTHE or parabolic Squations.’J
éo‘co Industr. and Appl. Math., 1959 7; no.2, 167-185.
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1. 160 | B112/B186 |

AUTHOR s Samarskiy, A, A, (Moscow)
TITLE: Convergence of the method of fractional steps for the’
heat conduction equation

PERIODICAL: Zhurnal vychislitel'noy matematiki i matematicheskoy o i
fiziki, v. 2, no. 6, 1962, 1117-1121 oagA .

TEXT: The problem

a - o
ELu A (k (=, 1) ax) (x :)eQ.,=cz(o<¢<T), o)

a=t
Cwlp=u(z, 8), te(0, T]; u(z. 0)-—uo(z). zeCG, i @
ko (z, ) 2 >0 (cx=con§t), a=1, .2- ' @)

~ — e

is considered under certain genuine conditions. The domain under
consideration is covered by a non-uniform rectangular spatial net &

Card 1/2
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AUTHORS : Tikhonov, A. N., Samarskiy, A. Ay (Moscow)

TITLE: Homogeneous difference schemes with a high degree of

accuracy over non-uniform nets . r

. PERIODICAL: Zhurnal vyehislitel'noy matematiki i matematicheskoy fiziki,f.f;‘ff

v. 3, no. 1, 1963, 99-108

TEXT: This paper is a continuation of previous;paper§r (Zh.vydﬁsLJMted;i,j\Q33§
matem. fiz., 1961, 1, No 1, 5-64; and No. 3, 425-440), the fundamental . faut
estimates of which are shown to ve valid wit@put the additional conditions -

‘ ~ o
0 M hy, /KMy KR (2)

The accuracy of zero-rank schemes is characterized .by the mean square

step

. . N
iy - D2 = (D'l

It amounts to O(ﬁh“g). The results of another paper by the samejauthotﬁ
card 1/2 ’ _ AR ; :
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(Zh. vychisl. matem. i matem. fiz., 1962, 2, No. 5, 812-832) concerning,'f

the accuracy of standard schemes over non-uniform nets are improved. - m
SUBMITTED: September 29, 1962 FRhAed
i o

APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001446920010-4"



"APPR .
e OVED FO_R If_'f'-EASE. 08/25/2000 CIA-RDP86-00513R001446920010-4

JP(C)

12 127hh-63 BDS/M(d)/FOC(w) 3/208/63/003/002/005/011. 51
AUTHOR‘ ' Samarslay, A. A: ‘(Moscow) AL R

e PITIES Schemes of mii’orm differences ova: uneven latt:.ces for parabol:.é-‘-
type equations %D” S v '

| PERTODICAL: Zhwrnal vychislitel'noy ma’oematild. 1 matema.ticheskny i‘iziki, Vo 3,
- no. 2, 1963, 266298 . -

- TEXT: In prevlous pa.pers (Rel. 1—5 Zh. vychlsl. matem. ma.tem. f:.z. § 1961, :

1, No. 3, 441-460; 1961, 1, No. 5, 806-824; 1961; L Noe 6,. 979-1000; 1962, 2, No.
1, 25-56; 1962, 2, No. 4, 603—631.) the author investigated the basic -problems of
. ‘the theory of uniform differences of Jattices for linear, quasi—l:mear, and non—" -
B - linear narabollc-type equat:.ons ‘and estab]:n.shed the. stability, convergence,
i _est:.matns of the rate 0 :
- within the class of continuous
tions. -so N‘ lehonov a.nd A. Ac A
 fize, 1962, 2, No. 5, 812-832) poin‘bed ‘out” emes of: ‘differences
‘ second order of appromation over an even 1attice have only a i'irst or
8 . proximation over uneven lattices 4ndicating that the acciiracy problem ‘for uneven ‘
'lawices requires further studies. Tne present paper studies schemes of uwniform.
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dlfferences for parabol:.c-—type equa.t:.ons vfith one. spaclal variable and beglns the
- study of a new fam:Lly of scnemes of un:i_torxn di.fi‘erem*es i’or the equat:.on '

106a,8), L 4 (ie(x) )-q(x)u+ f(x) SUER ul—B)i

wh:.cu over special k, q, and i‘-dependen'b sequences o.f‘ latt:.ces & h(k) ha.ve for :

_‘the-class of ch.scont:.nuous coeff:_o:.en‘bs a second degzee of accuracy. The studies
-of the errors, discontinuous ‘coefficients;- and order’of. magnitudes over uneven -

. lattices are followed by the investigatlon of um.form schemes of dnfi‘erences for
- the linear and quasi-linear equatn.ons S o

e(x,t) él;- (k(x,*') —) + r(x,t) a—x-‘- q(x,t) u+ f(x,t) , ('2:'.3')_:5?-_

°(x,t) a% = .Z_ (k(x,t u)a——) + f(x, (303),‘;

“ and the author ca.'l.culates 'bhe:.r respect:.ve errors oi‘ approximation over uneven :
" Card 2/3 ' ‘
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- Schemes of uniform ..., . IR S

g.?.:zigf‘s;taggﬁ:the develops the atpr:.or:.est:.mates and yze
oL st zrdeiegfand relatad topics; and also for the proof. of theor n~
o s oF v Tebelons, Lo, S8 OF o iekunce or (.8) . (3,8)
L ] . v 0 o
these schemes remains unchanged m&iﬁg'ihgctran:'ml:?tﬁnﬁﬁt o o gt St

. , ‘uneven -lattices,
- SURMITIED:  December 12, 1962 - : YA

s them fo.f:the diSéﬁs'-f: o
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ACCESSION NR: AP3001099 . - _' IEP 3/0208/63/003I003/0431/0466

‘ AUTHOR: _Samarskiy, A. A (Moscow)

: ;TITLE. Locally one-dimensional diffetence schemes on nonuniform neta lt” L

SQURCE: Zhurnal vychislit:el'noy matematiki i. matematicheskoy fiziki, Vi 3, :  ?"_" ;
no.3, 1963, 431466 ' . T . S el

TOPIC TAGS : parabolic-type difﬁerential equation, dift"eféncq:’schgme;'

K

ABSTRACT: Difference schemes for the sol.s:ion ef p-dimensional parabolic-type,__;_;
equations S _v‘v,-f- . o S

,a.'.;_ o - -

-

: where x = (xl,....,xp) is r.he poin: of p-dimensional Euclidean space, L.f"-»i .
" differential operator, and c(x,t) and £ are certain functions, are. studies’ for' :
" four particular types of the differential operat or L a and che f\mction f. R

Card 172
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. Depending on_the form. of I.a and f four problems 1 (k = 0, 1, 3) are’ defined
for the solution of which the construction of locally one-dimensional difference
schemes 1Ix (k =1, 2, 3, 1!, 2!) using nonuniform nets is presented.
Determination of che approximation error z(x,t)- y(x,t),,where u(x,t) 1is- the
solution of ‘the problem I and y(x,t) is the solution of the corresponding
difference problem 1Ly characterizing the correctness: of the schemes, :is :
analyzed. Great attention is: paid to the a:priori’ estimates (mean estimates aud -
uniform estimates) of the correctness of schemes iIg. To obtain 'such estimates
the method of energetic inequalities of ‘nth rank developed earlier by the author *
is used. The a priori estimates derived make it possible to prove the . :
convergence of locally one-dimensional schemes when the coefficients. of the
differential equation have discontinuitfies of the first kind on a finite number
of hyperplanes parallel to coordinste hyperplanes.. It {s noted. that by selecting
proper nets, second-order accuracy with respect to h.(h is a- mesh size) can'be.
achieved for the diffetence schemes presented. Otig. arc. haa: 168 equattmna. B

'.AssochrmN. none- . s

' SUBMITTED: 26Jan63 - -
.SUB CODE: MM g
esfap~
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Paspwery

AUTHORS: Samerskiy, A. A.; Sobol', I. M. (¢oscom) S ?/ IH

.
.":[TI_.E ~ Exemples of numerical computatiorn of temperature waves7 \ . _
s |
" " SOURCE: Zhurnal vy*chisl. matematild & mntematich fidK, v. 3, no. 4, 1963, 702-
. 719 ’

;TOPTC TAGS: differential equation, heat equation, generalized solution, anpro;dmate:‘:?‘

ol
,so0lution

. ABSTRACT. T s paper fs concerned with numerical solution of a quasilinear aquation,
oo of heat conductivity b i e an . SR S, :

p . - N . . )
dn - ST . . 4
d;‘ E dr_,l (1\ (") dr ) - .' ( 1) .

l"x'

| ‘for the cases P = 1,2,3. Aﬁ usual it is always“e.ssum:ed' ltleat '

e e er——— - —

'Ix,,(u) e gau'e, e (2) i

.whereo‘ =1, )(c\> . Although (l) arises in various areas of mathomatical phyaics, ;'
B Card 1/ 6 '
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ia temperature front u = 0 which is propag
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C L AG493-63 e
.|ACCESSIQ! NR: AP3004958
) & temperature P
; A. S. Kompaneyets (K teorii rasprosh'g_ggniga-eteplf‘. -
lord teploprovodnostl,’ zevisyashchey of temperatury*. . L nSh.- k semtdesyatiletiyu -
~|akademika A. F. Toffe". K., Izd-vo M SSSR, 1950, 61-71.) end G. I. Barenblatt (0 |
* .nekotory*kn neustanovivsiikhsya dvizheniyakh zhidkosti i gazn v poristoy srede.

- |Prikl. matem. i mekhan., 1952, 16, Ko. 1, 67-7¢.) have shovn that equation (1), in |5
lcase p = 1, has o solution whose derivatives, et the points where u(t,x) goes to 'y

'gzero, are discontinuous and the flow K(u) 2 1u/9 x is continuous, i.0. thers exists !
eted with finite velocity. In this case. ‘|-~

bos no classicel solution. The existence of a generalized solution of {1

em and boundery value problemg are proven by 0. A. Oleynik, A. 8¢}

tou Yu-lin (Uravneniye tipa nestatsionarnoy fil'tratsii. Izve B |0
_667-704.) and others .proved convergence of &n explicit .
en equetion of the form - .

o 1

ifunction. Ya. B. 7el'dovich and A.

'in the class of genéi;s{lized- s0 utisns (these results can probably be eXfe_nded'to".'the: |
~ cese of impliclt schemes). M. A. Toircv (Resheriye odnoy zadachi nestatsionerroy i+
'fil‘tratsii metodom integral'ny¥*kh sootnosheniy. Zh. vytchisl., matem. i matem., fiz.)

) Card 2/6
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A Er e

~ "lACGESSIGY NR: AP3004958 ' . : ~ Y, .

A 71962, 2, No. 5, 938-942) computed: the generalized solution of en equation of the . .| = v
‘form (3) by Dorodnitsy*n's method of integrel relations. For computetion of sveh! .
‘generalized solutions (which they cell temperature waves or simply solutions) the N
" “lauthors use homogeoneous difference schemes of continuous comrutation not specifying-!.
- _clear separetion of points of ‘weak -discontinuity. - The theory of such schemes has’ ° L
- 'been worked out by various authors. However, all the proofs of convergence assume R
" ithet Ky (u) > c>0 and despite the great generelity of these theorems, they ore not - -
‘appliceble to the case where Xy (u) goes to zero (aven allowing discontinuous- :

: '.%functioné K= Ka (t,x,u)). ‘The aim of this erticle is to show that these schemes'| ;

lare also suitable for computation of terperature waves. Such schemes make it - . 1.7
“'possible to carry out the computation by large steps in tire, to give the velocity |- -
of propegation of the front well, end, for a sufficiently fine grid, also the =
‘profile of the front. In the case of space veriables (p7y1) the authors use the =
Jocally one-dimensional method of variable directions set forth bty .A. A. Semarslkly
- (0% ocnon ekonomictnom razmostnom metode resheniya mogomernogo parabolicheskogo
. - -urswvneniya v proi zvolinoy oblasti. Zh. vy#*chisl. matem, i motem. i fiz., Fo
~ 1062, 2, ¥o. 5, 787-811) end (Local'no-odnomerny¥ye skhemy* na neravnomernoy
‘setke dlys mnogomerny*kh persbolichesiikh uravneniy. Zh, vy*chisl. matem. i metem. ;
fiz., 1963, 3, Fo. 3, 431-466) . The authors give & brief charscterization of the '}

Card 3/ 6
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‘method of the last two cited pepers which is applicabl
+ itime tJ <t = td*L is divided jnto p layers of identic

al thickness ("fractional
- lsteps") , . AT g .
) ! JH@=1)p <L < tj*ahl , o '='1, R A R (4; '

iIn the layer numbered <\ one solves the ohe-dimensional equetion .-

1 du 3 oy u - I ey
19 . 2 {(Ks(u ——?)--;——'."—"“-'. - '5 .
p 9t ‘.8.:“( «(u) 0z, . - o '(' -)..-

e of parameters.

- iHere, all otherboordinates XB s distinet from x_ , play ' the rol

'g Atimis stege, for boundary conditions the suthors use values of the boundary func- Hra
. "ltions at points of intersection of straight lines parallel to the oxy axs from - - 7
the bounderies of the region of integration, and for initial velues they take T
lvalues obtained from compu yer. . Actually, for solution of { .

d the same one-dimensional program in which (5)

. liall the ecuations (5) they use ome an
i T encous difference scheme (in section 2, §2). The

table method at present for - .

A "
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|the solution of rultidimensionel quasilinear perabolic equations. This method is |-~
appliccble to erblirery regions (not only to parallepipeds) and keeps/its order of | .
. laccuracy on inhomogeneous grids.. Tt is suitable for quosilinear iparabolic equetions . i
jof general form even in the presence of coefficients of discontinuities (type I)<
~ !In.sucha wide area of usefulness, the method of veriable directions has a viole
- Iseries of merits; simplicity of the program, Jowering (in contrast to the majority
- lof ‘other schemes) of the required size of operetive memory, stability of computa=
~ . !tion with very coerse steps {n time. It mekes it possible, in particuler, to solva
, }ra’pidly complex problems where great accuracy is not resuired. Computations by any
. 'gifference scheme give, instead of the exact wave profile, some difference profile
_ i{tke finer the grid, thie greater the aceurecy) . For studying the eonstruction of |-
. :this profile sith a very coarse grid end estimating the effective width of the froat,
- -ithe authors constructed, in §5, for the case p = 1, a difference running wave = n ‘
~'amalog to the well lmovn equetion of the formu = f(ct - x), called a running wave || ¢ .*
i(the constant ¢ 1s the velocity of the wave). ‘For.difference schemes of continuous i
: ‘t_computai‘.ion of gas dynemics with viscosity the difference running wave was con= L
- structed by A. A. Samarskiy and V., Ya. Arsenin (0 chislennom reshenil uravneniy - coe
‘pazodinamikd s razlichny*mi tiperi vyazkosti. Zh. vy*chisl. matem. i metem. fiz., KR
o1, 1, Fo. 2, 357-360). It is necessery 4o stregse that the euthors never tended L
‘4o choose the most favorable conditions for computation of a given problem. On the : . °

, Card 5/6 ___~____;___ ‘«_.‘_-"._ e e e e e e e b
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"'in & class of
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differentiable functions -
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: 812-840), for solving problem (1)=(2), the author Proposed a two-level economical -
- difference Scheme, and, by the method of energy equalities, showed that this
¢ sch ig) absolutely stable and converges

t

‘ in the norm of (w,) at the rate
1 O(hY + for p < 3, 1In the present paper he shows that this bchm also has

. these properties For P =Lk d.0., 1t 15 mitable for p ¢ L. Orig. art. has; 36
’ . formulas, :
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' AUTHOR: Slmarskiy, A. A,

TITLE: An economic algorithm for the numerical solution of lyonno
of differential and algebraic equations

{ SOURCE: Zhurnal vy*chislitel’'noy matematiki 1 matematicheskoy
: fiziki, v, 4, no. 3, 1964, 580-585

TOPIC TAGS: economic difference scheme, differentiul equation
pystem, algebraic equation system, linear equation systen, 3
operator equation- system, Cauchy problem, first order dtffcrcn:tn! 5

equation

ABSTRACT: Por the solution of systems of first-order ordinary
differential equations, an economic (with respect to the number of °
operations) difference scheme of second-order accuracy is anslysed.:
The selection of such a scheme is made in connection vtth the = -
solution of the Cauchy problem '

H

%,_C?_rd /3

a'r + Au = f(t), 0<t4T, u(O) - u°
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. where u = u(t) and £(t) are n-dimensional vectors and A is an n x n’
: matrix, With the assumption that the maurix A can be represented

! 48 the sum of two triangular positive definite matrices Al and Az"‘-w
i a~two-step difference scheme is proposed, which for n>5 requires the '
{ least number of operations a, compared with other schemes, It is ,

proved that under certain conditions this scheme is of ‘second=. "> = ;.

' order accuracy. It is shown that the same difference scheme can be -: -
i used as an iterative procedure for the solution of the system of . i .
i n linear algebraic equations R

Au}- Aju + Aju = f; A = a5

! where A, and Az are positive definite triangular matrices. An

i {terative scheme is presented, and it is proved that this scheme )

: converges at the rate of a certain geometric progression for any T
: positive definite diagonal matrix D when A, and A, sacisfy certain
 conditions., It is stated that the results obtained are valid for the

" case when A, and A, are arbitrary linear operators in Hilbert space . -

| Orig. art. "hasi %31 formulas, ' N s
Cord 2/3. .
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. TITLE: Local_ly one dimensional difference sehemea for lnﬂ.t:ldiuensional lvperbolio
equations in an arbitrary region . oL ' '

| SOURCE: Zhurnal V}’*chislitel'noy mtemtiki i matematicheskoy fiziki. Ve lh nos |
- L, 196k, 638-648 : : 5

TOPIC TAGS: difference scheme, 'one" 'd:!.merisional'schme, hyporbolio equa'tien,
¢ parabolic equation, nonuniform grid : decom'position scheme

| ABSTRACT: In prenous work the author establ:.shed an economical method for P
.~ solving parabolic equations in several variables. This method is called locally.: i
.. .one-dimensional. He now studies locally one-dimensional difference schemes for, '
i hyperbolic equations in an arbitrary region G. These schemes converge on :
' §§ arbitrary nomuniform grids (. If the region G is a paralldlepiped then many
other schemes can be constructed which are decomposition schemes. The author
1 shows the rate of convergence of the solution of the difference scheme to the -
-i;t.,‘i solntion of the d:l.fferentm equation in certain cases, Orig. art. haa: 53 for- P

. . . \ i
SO WA .|L. . e e . ._-\'1 i

L LT b U
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AUTHOR ¢ Samarskiy, A, Al (Moscow) . ‘

TITIE: Economic difference schemes for equa.t:.ons of parabolic type with mixed
derivatives

SOURCE: Zhurnal vy*chislitel'noy metematiki i matematicheskoy fiziki, v. 4, no. 4, :

1964, 753-759

TOPIC TAGS: difference equation, parabolic equation, operations research, matrix
algebra, matrix symmetry, network function.

ABSTBACT The a.uthor discussed the pro‘olem of solving the system

e

=Z Zaz ( aa(?u‘) 9z )+Zf (z,t)az —i—l(z,t u)::lLu.*./' (i).‘
t

Zw] Bam] Qs

“lxa-o =u, {z, 1), Ui = uta (=, 0, a=1,..0p ()Y
ulm0) =) F=(r..az). N N (3)l
with given: p-dimensional parallelepiped G=00<z, < lya=14.c0n " and the
cylinder Qp = Gx[0<¢<7Tl. The matrix (Koc B ) ig defined &s

| Card_1/3 '
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p - P .t - “.' .
U k(0 EE>T N E @ OEQn ghere 7= const >0, &= (Eie o fa0en %) any real

af=1 a=t

vector. He introduced the even number rectangular nuet ' : o
Lo = e L), =i, =0 LGN o o
e ={xEG i =1.. N, —~1,a=1,...,p} =2 du-y . i
;o (mE€G6Ii, sy —1, v-- P}, the operator L,gu o, ("aa (=, ,)E. ‘ and the .

. -approximation {\;,;y=’;7[(“¢ By;g )"a ’*‘(“«(:;xm)yxp);,] , g:;:ci,s Several ocases are discussed in

‘regard to their solution algorithm: 1) the case when (Kxg ) is a triangular matrix;
2) the case of an arbitrary (Koc 4 ) matrix and the transformation of relationship
(1) into trianguler form; 3) the case when (Kxg ) is symmetric. The questions of
stability and convergence in the triangular matrix case are discussed. The suthor 1
then proposes and proves two lermas and one theorem which account for other solution i
-algorithms and schemes available under certain boundsry conditions and constraints. ! L
All schemes discussed follow the principle of constructing economic schemes for = '
; %‘zﬁ =Zud/ %’i =Lu+ f,' where "Ly = ) Ly, and Lo - linear wnbounded operators.
P L - e @, Lt
Orig. art. has: 38 equations.

¢
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ABSTRACT: The anthors prove sonvergen

with rate O(Ihﬂ') waere ",‘s Eh:-‘

a=t

{0 ho between ateps.
T f 3) for the Polesan equation and in &

<
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TITLE: Methods for golving _gifferenc{.al equatlona/and aci,‘lac.an.t‘6 ‘I %
problems '

SOURCE: Mogmcow, Universitet. Vychialttal'nyy tseatr., Shotnik
rabot, no., 3, L1363, Vychislitel'nyye metody 1 ptogtammitovsdtye

(Computing methods and ptogra’uimlng). 147-162

TOPIC TAGS: numerical analysts, heat conduction equation, two
! dimensional equation, locally one dimensional method

* ABSTRACT: This article deals with the numerical solution of the two-
dimensional quasilinear heat-conduction equation written tn.polar
coordinates whose coefficients have discontinuities. of the ffost kiodand
whose boundary conditions are of the third kind. The locally~-one~-

| dimensional mathod developed previously by A. A. Samarskiy (Zhurne:
vychislital'noy metematiki i' matematicheskoy fiziki, V. 2, DO« 3,
1962) for the solution of parabollc equations is used to solve thia .
equation, A uniform locally ona-dimensional difference gcheme i+
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constpzucted in such a way that the _

coincide with the tattice ﬁdints*of*th tiar _

gstruction of the difference scheme ts achieved by mean

solutions of one-dimensional heat-coanduction equations obtained by | .

i the Seidel iterative method. The convergence of the method 18 analyzed

. for uniform and non-uniform nets and the rate of comvergence ig es—-

‘tablished‘ The variation of the accuracy of the method with the var—

! {ation of tae mesh size of the net ts analyzed. Numerical solutions

| 5f three examples {i1lustrate the applicability of the proposed nethod.

' The authors conclude that this method 18 gsufficiently accurate aad '

! absolutely gtable, each for aon-uniform nets. Therefore, this nethod

| makes 1t possible to carry out calculations with gufficiently large

" time steps and to obtain quick golutions for many physical problems.

It is {ndicated that the mgthod can be realized om high-speed alec-
tronic computerSe. Oorig. ant, has: 4 figures and 21 formulas. [LK] |

l
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Moscow University) _
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“1965. 548-551
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japproximation method

elliptic equation, parabolio eguafion, /Z

ons for a non-gelf-conjugates elliptic equationof
{aeoond order in an arbitrary region are devaloped. The firat schemes considered are
' characterized by a unifornm rate of decrease demoted by o(h2). Additienzl considera~|
tion is given %o monotonic, locally one-dimensional schemes which decrease vniformlyi

‘at a rate O(h2 +7T ) for a parabolic equation with & non-gelf-conjugate elliptio -

operator. The monotonio representations are demonsirated by means of example

The first example ylelds a repreaentation of the first boundary problem
ar —egion of a mltidimensional spsce. The problem i8 defined in -
ntation 1o developed %o the

terms of its firgt derivetives, and a monotonio represe
Lcard_1/3. .

ABSTRACT: Monotonic representati
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| accant order of acourady 'fheauthofproveathe-validityo ' th premedaocu:a
of the scheme developed. The second example {nvolves & parabolic 'éq’,@ﬁiénrip?ih :
oylindrical region gr=(G+ l_‘_)4><{0<t<ﬂ. The problem ia stated &8 T

‘B a7 wlemvln o
Y T .
Ve, O = ate,
wherd PP RTY L ox)]
and s ey e\, L, 38
pom S L (bl D Jorde Do B0
| s T
Additional conditions and definitions axr9 {(.230'21"% L , 2]
- P -
and o [ ] ) . .-
waem (1 D8 1+ S8, .
(e 3m)(Cr 20) -
! The seleotion of a time interval 18 diacussed, and cortain substitutiona axe made o
. such that the locally one-dimensional scheze is represented in the form S
‘\ |
. ;:_ — } . ' .
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. M V.'l—l = BQ(Z)‘ .
. Certain ramifications of thke problem due to partioular boundary conditions are
discussed. Orig. art. hast 11 equations.
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9
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TITLE: Economical difference schemes fofaysums of hyperbolic eguations’with mizxed
partial derivatives and their application to the solution of equations of elaaticity - .

theory 24

SOURCE: Zhurnal vychislit:el'noy matematiki i ‘matematicheskoy fiziki, . 5, noc. 1, _
. 1965, 34-43 i . 5

TOPIC TAGS: economical difference scheme, additive difference schemey,’vijr hyperbbli’g:l‘n |
equation system, second order hypertolic gystem, factorizable operator” DR

~ ABSTRACT: Economical additive difference schemes for systems of second-order
hyperbolic equations containing mixed partial derivatives and their application to
the solution of equations of elasticity theory are analyzed. It is shown that such
schemest are scheme~ of alternating directions, they are absolutely stable and con-
vergent with a rate of convergence of the order 0( h12 + 1) where

P
hir= 2} kb .
R L | § .

8

M.de 1/3 T nlaiieai
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h is a step of @ Bﬁatiélinet;"T*15“§:§§E§;B ep, and.
Toe essential operation of the computatioﬁ“ﬁlgbiith g inversios
point-triangular operator which 18 reduced to the successive application. :
formulas of the ngrive through" (elimination) method. The number ofgépérations'forj
deternining t jme level of the spatial net is proportional to

the number 0 s of the net and is of the same order as the number of
operations fo The economical additive difference schemes
derived are used for constructing economical schemes for a system of equationg of
elasticity theory in the cases wheae p= 2and p = 3. An economical scheme with a factoriz—
able operator for solving equatiouns of elasticity theory 18 constructed, which is
[ absolutely stable and converges at a rate on the order of 0(|h|2 + 12). An itera-
tion scheme of alternating directions for gsolving the gtationary problem of elas-
ticity theotry is presented. The convergence of this scheme is proved for p = 2 and
p=1 and it is shown that the aumber of iterations required 1s equal to

vy =O0(*e-¥rIn(1]e)

where € is the required accuracy. Orig; art. hast 32 formulas. (LK}
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““ [TITLE: Traveling vaves in a medium with nonlinear‘heat conductivity - -

' SOURCE: Zhurmal vychislitel'noy matematiki { matewaticheskoy fiiiki., V. ’5',-'116;';:2“
1965, 199-217

"TOPIC TAGS: hydrodynamics; heat conductivity, numerical method, themodynamics

ABSTRACT: The study of traveling waves under conditions of nonlinear thermal con--
ductivity is related to the problem of a piston operating under thermal conditicns.
In the framework of the one-dimensional plane problem for hydrodynamic equations
with nonlinear heat conductivity, the piston problem is considered for the case of
fixed variation of heat flow and piston velocity such that a traveling wave is —
formed ahead of the piston. Several types of continuocus amd discontinuous traveling
waves are constructed. Along with metastable waves, a wave is constructed which !
combines two constant solutions and has a finite transition-zone width. The depen-ﬁ..._
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s | dance of this width on the parameters of the problem is tablished. The problem
% 'of the traveling wave is regarded as a model for the analysis of possible solutio
., iand their dependence on the degree of nonlinearity of the heat equation. The field}
of the integral curves is analyzed in relation to the values of indices of non-
i linearity. In a number of cases, analytic solutions are presented. A clagsifica-
"ticn of various types of traveling temperature waves is given. Difference methods
are used for the machine solution of a system of partial differential equations
for apjropriate boundary conditions on the piston, and the regults for a number of
_ :computer solutions are presented. A comparison of the analytic results with nu-
' :merical solutions makes it possible to judge the accuracy of the difference methods
* . jused and to affirm the existence and stability of the traveling waves constructed.
“|"The authors are grateful to L. N. Busurina and V. P. for programming and per-
! forming the computer calculations, and also to L. Y. Luk'yanova, A. M. Zakharova,
"and N. G. Teplova, who participated in the work of Jolng the calculatioms ond .
formulating the results. The authors acknowledge the useful discussions of fered by

 B. L. Rozhdestvenskiy." Orig. art. has: 27 formu.as, 14 figures.

ASSOCIATION: none
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[TITLE: On monotenio difference representations for elliptic and parabolic equations
An the case of a non-gelf-conjugate elliptio cparator

S8QURCE: Zhurnal vychislitel'noy matematiki i matematicheskoy fiziki, v. 5, no. 3,
1965, 548-551

!;_OPIG TAGS: laplace tra’nafornatibﬁ, "'eili:pﬂ;di eq;ust:lm, A'pmbg"ii‘c.jgmﬂ""'i 3 m .i‘
appracimation method /‘

ABSTRACT: Monotonic repregentations for a non-self-canjugate elliptic equation of
i8econul order in an arbitrary region are developed. The first schemes considered are
lcharanterized by a uniform rate of decrease demoted by O(h2). Additional considera-'
ition is given to monotonic, locally one-dimensional schezes which decrease uniformly
‘at a rate O(h2 + T ) for a parsbolic equation with a ron-self-canjugate elliptio o
‘operator. The monotcnio representations are demonstroted by means of example !
problems. The first erample yields . represemntation of the first boundary problem -
in a perticular region of & mmltidimensional space. The problem is defined in .  |— .
terms of its first derivatives, and a monotonio representaticn is developed to the '
Card 1/3 ' . .
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) seoouil m.-dmr of accuraoy. 'Eha mthor provea -the validity of the presumed socuracy
of tho scheme developed. The seccnd exsmple inmvolves a parsbolio equation in the
aylindirical region &r=1(G+1) XD<t<ﬂ. The problem is stated as

et ¥l wle=vln)

. Ve 0 '-u.(a). :
vhere : Ao etz 0. L_.u:. t).l- I h
and ‘ » 0 ,
Ls = RLes, za-u——(t-ts. o——— rale, n——~c-«=. ey
e Wi
Additional conditions and definitions are \6>°-Zh—1.
. - ‘-‘ b
’ x.- H— Ry 14 ¥R
| 7 (14 30) (1 30) e
The solaction of a time mterml is dismaed. nnd certain gubstitutions are uado
guch that the locally one-dimnniml gchems is represiantad in the form
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| Certain remifioationé of the problem due to parti
discaussed. Orig. art. hast 11 equaticns.

ASSOCIATION: none

ESCL: 00

05Feb65

' SUBMITTED:

cular boundary conditions are

SUB COIB: MA

HO BEF 30T

APPROVED FOR RELEASE: 08/25/2000

CIA-RDP86-00513R001446920010-4"



"APPROVED FOR RELEASE: 08/25/2000

‘SRS DRI B

CIA-RDP86-00513R001446920010-4

SHCHELKACHEV, V.N.; SAMARSKIY, A.A.; VLADIMIROV, L.A.

Solving special boundary problems of nonsteady fluid flow in
an elastic bed using electronic computers. Izv. vys. ucheb.
zav.; neft' i gaz 8 no.3:77-80 '65. (MIRA 18:5)

1. Moskovskiy institut neftekhimicheskoy i gazovoy promyshlennosti
im. akademika Gubkina i Moskovskiy gosudarstvennyy universitet im.
M.V. Lomonosova.
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| /S, YY, 58T
TITIE: Theory of difference achemes

SOURCE: AN SSSR Doklady, Ve 165, no. 5, 1965, 1007-1010
TOPIC TAGS: Cauchy problem, Hilbert. Bpace, Banach space

ABSTRACT:- _ The abstract Oauohy problem P AN o
du/dt+A(¢)u-—I(‘)- 0<t<T u(O)—-uo. erD(A) (1)

—— S it e ——an L,

in Banach and Hilbert Spaces 18 considered. The approach permits datermination of .
sufficient conditions for correctness of schemes which make use only of operator RN
properties which are simple to verify directly. These include such properties as -
semi-boundedness from below, etc. The author expresses his gratitude to A. N. A
Tikhonov for his valuable discussions of the results, This paper was presented by -
academician M, V., Keldysh on 19 April 1965, Orig. art. has' 10 formulas. ; s
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TITLE: An economic scheme of through calculus for wultidimensional Stefan
problems RO - T e C R

SOURCE: Zhurnal vychislitel'noy matematild 1 matematicheskoy fiziki, v. 5, no. 5,1;;.
1965, 816-827 o : Do B
TOPIC TAGS: differential equation, heat transfer, calculus 7 ' f
ABSTRACT: The authors propose an. economic difference scheme of through calculus
for the numerical solution of Stefan problems with several spatial variables and ! -
several numbers of phases. In the proposed scheme the boundary of phass division :
was not chosen explicitly and homogenous difference schemes were utilized. The i
progosed scheme was tested for the case of one and two spatial dimensions, . In all 2
cases the method ylelded solutions with adequate accuracy. .The authors solve the : = -
multidimensional quasi-linear equation of heat transfer by employing the locally i
one-dimensional method. This consists of & atep—by-stepgolution with respect to

Card /2 o e ‘513:517‘.941.»/.947
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' R ,zm/*’ 5 =
various -spatial variables of the one—dimensional heat transfer equat:lon via R &
unconditionally stable implicit schemess The authors express their thanks to . =
1, V. Friazinov for advice. Grig. art. hass - 3 figures, 20 formulas, and 6 tables.
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TITLE: Difference schemes for multivariant
physics .

di l’t‘nrnntnl equations of mathematical .

SOURCE' Apllkace matematlky, v. 10 no. 2, ¢965, 1&6-16&

TOPIC TAGS' alporithm, different.ial eqmtion, comput.er tpchnology, mathematlc phys;.c
ABSTRACT: The article describes difference schem s in connection w:.th the development
of algorithms of a universal type for computerslrsultable for solv1ng a broad cla‘s
ofproblems( with the same programs. Orig. art. has:. 66 . formulas. [JPRS]
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CITLE: On the principle of additivity for the strugtuf{ng of economical .
difference systems I - ' T '
'SOURCE: AN SSSR. Doklady, v. 165, no. 6, 1965, 1253-1256

TOPIC TAGS: Cauchy pr'obl'em,-'a.ppi'oxitﬂate method, difference system,’ numerical
solution, mathematical model - U : ' . R
signal systcms of solution of 'multip1 éj—r_dimenskionedl LT
roblems of mathematical S s are studied. The method presented:is based upon. .
the principle of modeling & multi-;_di,mgnsioned diffe_rential, equation‘with_ the aid of
a system of one-dimensional "e’q’(x‘é’t’ié’ns with successive application of simplified
_difference gystems to the solution of each of the one-dimensional equations. The
principle is applied by the author to the sbstract Cauchy problem vvexpressed as

; gt Alu =10, 0<t<T w0 =t weDl_ o

where A(t) is a i{inear unbounded operator in space H, and u = u(t) € H and

ABSTRACT: Locally one-d}Ims

. Card 1/2 o L R R SR UDC:  51_8.1;_2.
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f = f(t) € H are defined on' the 1nterva1 0 < t < 7T, Of interest is the case where
A is the sum of linear operators Aot : R o S P

| A(t)—ZA(t) SR o
. A total of m one-dimensional problems is used in modelmg the- zmltl-dlmenelonal

problem. In each interval [t), ] the system of differential equations

v [ dt + Aa () v (t) == fa(t), SR :
tE(Ht"Hlil"—Ol ';‘a_izr'.uy:m‘
ris successively solved w1th initial conditions .
Yoy () =TV (), a>1; () = v(m)(t’) = v(f'),
i=o, v(O) = U,

Approximate solutions to this system are developed for varying condltlons of

parameter 'bounds. Five theorems are developed. for severa.l cases, and additonal

cases are referred to earlier research. This paper was presented’ 'by Academlcia.n

M. V, Keldysh on 19 April 1965. Orig. a.rt. has. 8 equations, '

< .
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TITLE: Some problems in the theory of difference schemes

SOURCE: Zhurnal vychislitel'noy matematiki i matematicheskoy fiziki, v. 6, no. 4,

665-686 , -
thod, descdlel ot s,

N aas
TOPIC TAGS: numerical analysis, difference asheme,l "7 . ’
schems=stability scheme=eonvergance h - Zi; JLi;LLJK?Zi;h'”/

ABSTRACT: The algebraic identity and stability of longitudinal-transversal schemes
(special form of locally uniform schemes) are analyzed by means of iterative schemes
for solving the stationary equation

(At Ao =17 (D)

where A, and A, are linear positive-definite operators in a real Hilbert space, It
is shown that longitudinal-transversal schemes are algebraically identical to three
simple,locally uniform schemes, and new estimates of the rate of convergence of such
schemes are derived. It is shown that in order to decrease the initial error l/e

Card 1/2 UDC: 518:517.944/.947
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times (e > 0 is the foreassigned accuracy of the scheme), using the longitudinal-
transversal scheme, it is necessary to carry out

fv(z)>ln%—[ln-;i%;%] (2)

iterations (n = 6/A, where 4. and 4 are <certain positive constants). The derived
estimates are applied to the solution of three problems: 1) the difference Dirichlet
problem in an arbitrary domain for the self-adjoined elliptic operator with variable
coefficients; 2) the Dirichlet problem for the nonself-adjoined elliptic operator
with constant coefficients; 3) the integro-differential equation of radiation trans-
fer. The longitudinal-transversal scheme for solving the difference Dirichlet
problem in an arbitrary p-dimensional domain applies in the case where the difference
Laplace operator is represented as the sum of nonself-adjoined operators. Orig. art.

has: . 90 formulas. [1K]
SUB CODE: 12/ SUBM DATE: 28Jan66/ ORIG REF: 015/ OTH REF: 006/ ATD PRES;‘:
- =Y
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Strength >of mine hoisting ropss and control of its change

during use. Trudy MakNII 9 no.2:349-365 159, (MIRA 12:8)
(#ire ropes--Testing)
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TITLE:

" PERIODICAL:

ABSTRACT:

SAARSK) Y, 7 ¢
| 92-58~3~15/32

Anisimov, A.F., Engineer and Samarskiy, A.G., Engineer

\________\
Continuous Control of Neutralization of Crude Stock

in Atmospheric-Vacuum Pipe stills (Nepreryvnyy kontrol'
rezhima podshchelachivaniya syr'ya na ustanovkakh AVT)

Neftyanik, 1958, Nr 3, pp 15-16 (USSR)

To protect the equipment against corrosion the crude
stock processed in an atmospheric vacuum pipe still has
to be neutralized. The neutralization of crude stock is
ordinarily controlled by a laberatory test of the

water settled from the wide-fraction in the surge tank.
The lack of continuous control over the alkalinity of the
water shortens the service life of the processing
equipment. Therefore, the special construction bureau
for the introduction of automation in refineries has
studied this problem st the atmospheric-vacuum pipe
gtill of the new Ufa Refinery and ascertained that the
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pH value of the condensation water settling in the tank of

the evaporator is almost always 10, while the pH of water
drained off from the surge tank of the atmospheric tower
depends on the concentration of the reagent (Fig. 1). As a
result of this study, it has been proposed that the pH value

be determined in the stream before the stream enters the surge
tank. Therefore, samples of the product mixed with the settled
water were taken at the lowest point of the stream line section
between the condenser-cooler of the atmospheric tower and the
surge tank (Fig. 2). The mixture was directed through a 1/2-in.
tube to a small settler, where the separation of water from
the mixture took place. The settled water was filtered and

its pH determined. In the course of this operation, it has been
found that the present system of calomel electrodes is inadequate
for determining the pH value in a polluted mixture containing
petroleum products. Therefore, the calomel electrode design was

Card 2/3
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Continuous Control of Neutralization (Cont.) 32-58-3=15/32

modified (Fig. 3). As 2 resuli, the redesigned electrode can
now be used during & much longer period of time, and can be
easily dismantled and reassembled. On the whole, the equipment
operates satisfactorily and this fact was confirmed in 1957 by
the new Ufs Refinery. There is one diagram ghowing alkali con-
sumption, one drawing showing the continuous determination and

recording of the pH value, and one sketch of the redesigned
calomel electrode.

ASSOCIATION:Ufimskoye ctdeleniye konscruktorskogo byuro po
avtometizatsil (Ufz Section of the Design Bureau

for Automation)

AVAILABLE: Library of Congress
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” THermal trextment of wines by gasslag alr. " A1 Sanfur-
___skil. Vieadelie i Vigogrudurstro Maldawii 1953, No. |, 41-
B Rr/ﬂal.llmr.. Khiw. 1954, Na. 15000~ To fucseuse the
/ sabifity wnd sterility of wine, sir atoaiizcd by passng it
through o difuser bs prassed thrangl prebicated wie. The
apr. wrte! conditions of treatinent are outlived.  After the
teentsent, the wine is cogled 10 14-16° by pussing cold water
through thie coils of the app.  Hest reyults were ebitained (os
virlous- wines with- u_u:—}ollowiug tempst, el duetign of
Areatuicid: dey - (able wines 52 for 4 min,,” white dessert” :
whies 535 aud # i, strong wines 58* 10 min. of-wincs-
H-70° 4 win. - M. Hosel
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Znacheniye krakhmala v zhizni vinogradnogo rusteniya. Vinodeliye i
vinosradarstvo moldavii, 1949, No. 3,s. 3C-39

S50: Letopis! Zhurnal'aykh Statey, No. 29, Moskva, 1949.
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EALUGINA, Galina Ivanovna; SAMARSKIY, Aleksapdx.lrofimovich; RUDNEV,
mkoiayn;mmoviém“mmﬁv”ﬂ’fal. A et aredaktor: XRUGLOTA,G.I., |

red,; CHRBYSHEVA, Ye.A., tekhn.red.

[Viticulture and wines of Moldavia] Vinodelie i vina Moldavii.
Moskva, Pishchepromizdat, 1957. 178 p. ) (um 10:12)
(Moldavia--Viticulture) .(Moldavia--Wine and wine naking)
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MARKEVICH, A.A.; SAMARSKIY, G.A.

raverse of the PN.275-I1 spinning -

tekh.tekst.prom. no.1:151-157 162,

Studying the mechanism of the t
(MIRA 15:3)

machine. -Igv.vys.ucheb.zav.;

nyy institut im. S.M.Kirova.

j kiy tekstil'
1. Leningradsily (Spinning machinery)
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RUSIH, L.I.; SAMAHSKIY, G.I.; GINZEBURG, K.Ya.; VAYUSHTEYN, Yu
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3 i, & . Teake 1
Stationary mercury dropping electrede. Metod, enal. khim z(-;eﬂ 1719)
propar. no. 5/6% 4246 163, RA

o-isslodovatel'skiy institut ichimicheskikh reaktivoy

1. Vaesoyuzmyy nauchn

i osobo chistykh khimicheskikh veshchestv.
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SAMARSKTY, M. V.

s -

"Vertical Gradiometer," by M. V. Samarskiy, Nauk zap. Luts'k.
ped. in-tu, 3, No 2, 1955, pp 101-11% (Ukrainian) (from Refer-
ativnyy Zhurnal -- Astronomiya Geodeziya, No 11, Nov 56, Ab-
stract No 6554, by G. S. Razdymakha)

"The possibility of determining, by means of an instrument called
8 vertical gradiometer, of the second derivative W of the potential
of the force of gravity with an accuracy of 10 etvéin sufficient for the
survey and compilation of anomalous masses located under the observation
points at small depths and producing an effect of several tens of etvesh
is presented. For this end we may use a gravimeter with a response up to
0.001 mgal, equipped to record two values of gravity accelerations at the
same observation point with two installations of the gravimeter in two po-
sitions with a constant elevation difference of one meter. During the
short time period necessary for observation the error of computation of -
zero-point variation of the gravimeter, the.température variation in the -
thermostat and the barometric correction will be eliminated.
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